Lower extremity nerve injuries are relatively less common than nerve injuries to the upper extremities. 1-3 Sciatic nerve lesions comprise the largest subset of lower extremity nerve injuries. In sciatic nerve neuropathies, when direct nerve repair is impossible due to a large gap, nerve grafting can be performed. For a donor nerve, the sural nerve is considered ideal for grafting. The maximum piece of length of nerve one can obtain is 30 cm, whereas multiple strands of the nerve are required to cover the whole cross-sectional area of the sciatic nerve. When the defect of injured sciatic nerve is more than 10 cm, only 4 to 6 fascicular grafts (numbers of grafts) can be obtained even if the sural nerve is taken from both legs, because its length is approximately 30 cm. In this situation, only partial coverage of the sciatic nerve is possible, thus needing more donor nerve.
After similar severe injury to the sciatic nerve or its division into the peroneal and tibial nerves, recovery in the peroneal nerve is inferior to that of the tibial nerve. [4] [5] [6] [7] The functional recovery, especially of the peroneal nerve (muscle grade more than 3) , is approximately 14% for grafts and the value of the attempted repair of the peroneal nerve has been questioned. 4, 5, 7 For tibial nerve reconstruction, the percentage has been reported to be higher, as 67% for grafts. 6 The tibial nerve is a major branch of the sciatic nerve, and it contributes to the motor function of the posterior leg and to the intrinsic muscles of the foot. Important sensory supply to the foot comes through the tibial nerve. Thus, injury of the tibial nerve will result in a lack of foot or plantar flexion, a loss of toe flexion and inversion, and a lack of sensation on the sole of the foot. An insensitive foot will be problematic until enough sensation returns. Therefore, tibial nerve repair at any level is always advisable.
With the abovementioned reasons, in this article, the common peroneal nerve was sacrificed as autograft to repair the tibial nerve in patients with a large gap of the sciatic nerve. This surgical method aimed to restore some important functions within the lower extremities and provide an alternative approach for treating long segment defects in the sciatic nerve.
Methods

Patients
Eight patients with complete high sciatic nerve injury were treated with a nerve autograft during a 6-year interval from 2007 to 2013. All patients showed complete paralysis of the sciatic nerve, with an injury located at the thigh level, free from vascular trauma or soft-tissue defects. The patients for the study (►Table 1) comprised six men and two women with an average age of 31 years (range: 17-44 years). The cause of the injury was traffic accidents in four patients, tumor excision in three patients, and gunshot wound injury in one patient. The average delay from the injury to surgery was 6 months (range: 0.5-12 months). Ethics approval was granted by our institution and informed consent was obtained from all patients prior to study commencement.
Preoperative and postoperative evaluation included motor and sensory examinations of the lower extremity and electromyography. The clinical examination included tests of the lower extremity musculature (specifically the tibial nerve foot flexors, gastrocnemius, and soleus) which are innervated by the tibial and peroneal divisions of the sciatic nerve, and were always performed in comparison with the contralateral normal side. Muscle strength was evaluated using the British Medical Research Council (MRC) scale. The Semmes-Weinstein monofilament test was used for sensory evaluation. Motor and sensitivity improvements were graded on a five-point scale, ranked accordingly: M5 and S1 were considered as excellent; M4 and S2 as very good; M3 and S3 as good, but represented an improvement which was not adequate for normal function; and M0-M2 and S4-S5 were classified as inadequate. 8, 9 The evaluation of patients in the postoperative period was based on serial clinical examination and electrodiagnostic studies. Each patient was followed up after 6 weeks, after 3 months, and thereafter at 3-month intervals up to 24 months, after which they returned at 6-month intervals.
Surgical Approach
Operations were performed under general anesthesia using an operating microscope (magnification Â10). With the patient placed prone, an undulating incision was made in the posterior midline thigh along the medial border of the lateral hamstring tendon and was extended curvilinearly as needed, either into the lateral buttock crease or toward the popliteal fossa. The long head of the biceps were angled across the upper thigh and retracted superiorly or inferiorly to expose the proximal thigh-level sciatic nerve. Exposure of the inferior border of the gluteus maximus muscle was helpful in visualizing the sciatic nerve at the buttock crease. The gluteus could be undermined and retracted superiorly using a medium-sized Richardson retractor, thus preserving the branches to the lateral short head of the biceps femoris that arise from the peroneal division distal to the buttock crease.
Fine dissecting microscissors or a scalpel blade were used for sharp dissection of the sciatic nerve. The presumed lesion site was approached in a circumferential manner, alternating from the superiorly more normal proximal nerve toward the lesion and distally from the degenerated intact nerve, likewise toward the lesion. Regions of bleeding at the epineurial Common Peroneal Nerve Grafting to Repair the Tibial Nerve Lin et al. e42 site were coagulated with irrigating bipolar forceps, requiring enhanced magnification through a surgical loupe or microscope. A clear surgical exposure of the viable nerve both proximal and distal to the lesion was prepared, and proximal and distal nerve stumps or nontransmitting nerve segments were resected to healthy epineurium with normal fascicular and vascular architecture (►Fig. 1A). The final defect size was determined while the knee was in full extension, when preparing for the nerve grafting procedure to repair the nerve defects, which were more than 10 cm in all patients.
Two interfascicular nerve autografts, harvested from the distal part of the common peroneal nerve (►Fig. 1B), were placed between the prepared proximal and distal stumps of the tibial nerve. The common peroneal nerve was used as an autograft to repair the tibial nerve in all cases, using the injured leg as the source. Two grafts were performed, such that the entire cross-sectional area of the sciatic nerve was covered with the interfascicular nerve autograft (►Fig. 1C). The autografts were sutured to these areas under microscopic magnification using 9-0 nylon. The wound was closed with three layers of sutures, and an external drain was inserted. After surgery, broad-spectrum antibiotics were given for 3 days.
Patients received routine postoperative care. In most cases, patients were discharged from the hospital approximately 1 week after surgery and then moved to a rehabilitation clinic 2 weeks postoperatively. Physical therapy began 3 weeks postoperatively. To obtain the optimal functional result after nerve transfer, the rehabilitation program included motor reeducation to initiate recruitment of the weak reinnervated soleus and gastrocnemius muscle and to establish new motor pattern.
Results
Clinical Data
There was no complication in the early postoperative period. Local wound infection was encountered in one patient and was treated with local wound care and systemic antibiotics. The graft material was 10.4 to 13.6 cm in length, with a mean length of 11.75 AE 1.07 cm. The follow-up period ranged between 36 and 60 months.
Recovery after Nerve Repair
Electrophysiological examination revealed "nascent" motor unit potentials in the soleus and gastrocnemius approximately 12 months after the operation in most patients. This indicated the successful regeneration of the tibial nerve into the soleus and gastrocnemius. Recovery of plantar flexion was first evident at 15 to 18 months after nerve repairs. Tibial nerve motor function (soleus and gastrocnemius muscle strength) was M4 (according to the British MRC system) in three patients and M3 in two patients. These patients did not require any bracing to stabilize the lower leg and were able to walk without support. The plantar flexion was not sufficient for the rest of the patients. The postoperative results of the electrodiagnostic examinations were concordant with the physical examinations, with sensory recovery graded at S2 (very good) in three patients, S3 (good) in three patients, and S4 (inadequate) in two patients.
Discussion
Anatomical Basis for the Surgical Procedures
Anatomically, the sciatic nerve is the longest and the largest diameter nerve of the body. It is composed of independent tibial and peroneal branches. 10 Each of these sciatic nerve branches can easily be separately dissected for surgical procedures such as nerve repair and grafting. However, functional outcomes and recovery profiles after surgical interventions on the two branches differ, with the prognosis after treatment of the peroneal nerve not as favorable as that following treatment of the tibial division. 7, 11 The peroneal division of the sciatic nerve, which is usually composed of one major bundle and located laterally to the tibial division, is more susceptible to trauma. It has a poor blood supply and less protective connective tissue compared with the tibial nerve. Therefore, the tibial nerve is the preferred target for the repair of sciatic nerve injury. [12] [13] [14] The tibial nerve provides sensation to the sole of the foot and branches of the gastrocnemius/soleus muscle mass, to the posterior tibialis muscle, and to the flexors of the toes. Injuries of the tibial nerve or tibial division result in a lack of foot flexion and sensation on the sole of the foot, as well as foot inversion and toe flexion. Blisters, ulcers, and even osteomyelitis can occur as a consequence of an insensitive foot. Therefore, the primary goal of sciatic nerve repair is the restoration of the protective sensibility of the sole. Secondary goals include restoration of the plantar flexion to achieve push-off during walking for the tibial division and correction of drop foot for the peroneal division. 15 Autografting is the optimal reconstruction method for many nerve gaps, because the nerve architecture that is retained serves as a regenerative scaffold. Autologous nerve grafts are normally performed using donor sites such as the sural, superficial radial, and medial cutaneous sensory nerves. 16 However, in sciatic nerve neuropathies, the diameters of these traditional autologous nerve grafts are too small to cover the whole cross-sectional area of the sciatic nerve, even with multiple strands of the nerve, and hence more donor nerve is needed. In the treatment of total brachial plexus avulsion of the upper limb, the cervical 7 nerve root is usually used to repair the median nerve or the radial nerve. 17 In this procedure, the ulnar nerve is usually sacrificed to be used as a nerve graft because its integrity is not considered critical for a good functional outcome. Similarly, we reasoned in this study that when the sciatic nerve is injured, the peroneal nerve could be used as a source of nerve grafts to repair the tibial nerve.
Assessment of Results
The results show that tibial nerve motor function (soleus and gastrocnemius muscle strength) was recovered to a functional level in five out of eight patients (M4 in 3 patients and M3 in 2 patients), while sensory recovery was adequate in six patients (S2 in 3 patients and S3 in 3 patients). These patients did not require any bracing to stabilize the lower leg and were able to walk without support. These results indicate that the surgical procedure presented in this study is an effective treatment method for sciatic nerve injury with long defects. Although part of the lower limb function will be lost with this procedure, more important functions can be recovered instead.
Advantages of the Surgical Procedures
The surgical procedures described in this article are straightforward and can be performed without difficulty by a neurosurgeon. Although the diameter of the peroneal nerve is smaller than that of the tibial nerve, it is nonetheless much larger than that of traditional autologous nerve grafts, such as the sural nerve. We found that two bundles of peroneal nerves were large enough to cover the whole cross-sectional area of the tibial nerve. When autologous peroneal nerve bundles were used, more myelinated nerve fibers from the proximal end of the tibial nerve could run across the nerve graft to the distal end of the tibial nerve than when traditional autologous nerve grafts were used. Furthermore, the function of the tibial nerve recovered better than when traditional autologous nerve grafts were used.
Factors Influencing Outcome
Functional recovery after graft repair depends on the severity of injury and also on the length of the grafts. 5, 18 Prior to this study, there have been only a few reports in the literature regarding the relationship between graft length and functional outcomes, and little consensus on the critical length of the nerve graft affecting the final recovery rate. Kim and Kline found that a good functional recovery was not observed with a graft length of more than 12 cm, and therefore argued that a nerve graft length of 5 to 12 cm is required for a good outcome. 19 Lee et al reported good to excellent motor recovery in 83% of patients who had a large gap of the radial nerve (more than 9 cm) when sural nerve autografts were sutured to the areas that have motor-dominant fascicles. 20 Our patients had sciatic nerve defects ranging from 10.4 to 13.6 cm and show outcomes similar to the study of Lee et al. Therefore, we believe that even when the peripheral nerve defect is over 10 cm, repairing the defect can still be of benefit to the patient.
Conclusion
The results of this study confirm that in patients with a large gap in their sciatic nerve, the common peroneal nerve can be sacrificed as an autograft to repair the tibial nerve, helping to restore some important functional activity to the lower extremities. It can also be used successfully to bridge nerve defects longer than 10 cm, where conventional nerve grafts usually fail. For these reasons, we advocate this procedure as an alternative approach for the treatment of long-segment sciatic nerve defects. 
